Cálculos semi-empíricos do tipo AM1-TDHF para a primeira hiperpolarizabilidade estática, b(0), de dezesseis compostos mesoiônicos do sistema 1,3-tiazólio-5-tiolato foram realizados. Com base nos resultados obtidos, dois novos compostos mesoiônicos, 2-(4-nitrofenil)-3-metil-4-(metilfenil)-1,3-tiazólio-5-tiolato e 2-(4-nitrofenil)-3-metil-4-(metoxifenil)-1,3-tiazólio-5-tiolato, foram sintetizados e caracterizados por métodos espectroscópicos e analíticos.
Introduction
During the last few years mesoionic compounds (MIC) have attracted the attention of chemists because of the bonding aspects associated with their unusual structure which can be understood as mesomeric heterocyclic betaines, strongly stabilized by p-electron delocalization and with large dipole moments. 1 Such structures can be regarded as equivalents of push-pull organic compounds of the type electron-acceptor (A) -polyenic bridge -electrondonor (D) commonly employed in nonlinear optics. 2 But, unlike these symmetric polyenic bridges, the mesoionic rings act as asymmetric bridges and the relative positions of the donor/acceptor groups linked to the ring are very important. 3 It has been computationally demonstrated that molecules containing mesoionic rings as asymmetric bridges have a performance for second order nonlinear optical effects equivalent to symmetric polyenic bridges containing more than seven conjugated double bonds. 2 In a previous article 3 we showed that, by employing the Time-Dependent Hartree-Fock (TDHF) method with the semiempirical AM1 Hamiltonian, 4 one can obtain values for the first static hyperpolarizability, b(0), that correlate well with the experimentally observed values for this property. And we have also described, the synthesis and experimental measurements of the nonlinear absorption of 1,3-thiazolium-5-thiolate mesoionic compounds ( Figure 1 ) using nanosecond laser pulses with wavelengths of 570, 605 and 618 nm; led to the observation of nonlinear absorption cross-sections s 2 as large as 10 -45 cm 4 s per photon. 5 These compounds are seemingly very promising for photonic applications. Guided by our Vol. 21, No. 5, 2010 AM1-TDHF calculations, we have been further designing and synthesizing mesoionic compounds in our laboratories for photonic applications. 6, 7 Accordingly, we synthesized new examples of 1,3-thiazolium-5-thiolate mesoionic compounds, especially those with large AM1-TDHF calculated values for b(0). Figure 1 shows that the mesoionic ring possesses two charged regions separated by what are essentially single bonds. 8 It is this charge separation (asymmetry) that is responsible for the large values of b(0) obtained for this class of compounds. Recently, it was proposed by Kuzyk and co-workers 9,10 that conjugated bridges with sites of reduced conjugation may be excellent prototypes for increasing the values of b(0). It is worthwhile to mention that the mesoionic compounds that we have been studying for nonlinear optics applications since 1996, 3 can be considered as an early example of this paradigm. Figure 1 shows two groups, R A and R D , linked to the para positions of two phenyl groups. The group containing R D is bound to the anionic region of the mesoionic ring and the group containing R A is bound to the cationic region. In order to enhance the donating properties of the anionic region of the mesoionic ring, we are studying compounds where R D is an electron-donor group. Similarly, we are using electron-acceptor groups in R A in order to enhance the accepting properties of the cationic region of the ring. 3 
Theoretical details
Initially, consider the semiempirical AM1-TDHF calculations of b(0) for a set of sixteen mesoionic molecules (MIC-1 to MIC-16) containing the 1,3-thiazolium-5-thiolate ring (Figure 1) .
The ground state geometries of the molecules were optimized using the AM1 semiempirical method implemented in MOPAC module of the Scigress Explorer 7.7 package. 11 The MOPAC keywords used during geometry optimization were: GNORM=0.01 (to guarantee an energy minimum), SCFCRT=1.D-8 (to increase the SCF convergence criteria) and XYZ (to describe the optimized geometry in Cartesian coordinates). The nonlinear optical properties were calculated analytically using the TDHF methodology, implemented in the MOPAC module, using the following keywords to predict first static hyperpolarizability: POLAR(E=(0.0), BETA=1, IWFLB=0, TOL=1.D-9, BTOL=1.D-9). We used E=(0.0) to specify the energy of the incident radiation as zero electron volts, BETA=1 and IWFLB=0 for the iterative calculation of the first static hyperpolarizability, TOL and BTOL are, respectively, the cutoff tolerance for the calculation of the polarizability and first hyperpolarizability. The calculated b(0) values are given in Table 1 .
Results and Discussion
The dependence of b(0) on the electronic character of the aromatic substituents directly attached to the mesoionic ring is given in Figure 2 R A (right) shows that, the larger the electron withdrawing ability of R A is, the larger is b(0), but, this time, the increase follows a quadratic function. . This result is not unexpected considering that the exocyclic group of the mesoionic ring already acts as a strong electron-donor group, while the cationic region of the ring does not have a well defined electron-accepting atom and needs a group in R A to direct the electron-accepting properties of the region.
Mesoionic compounds are conveniently described by a two molecular orbital (MO) model 3 ; one MO is associated with the delocalized negative p-charge (HOMO) and linked to the C 6 H 4 R D group and the second MO is associated with the delocalized positive p-charge (LUMO) linked to the C 6 H 4 R A aryl group. An electron-withdrawing group attached to the LUMO (cationic region) decreases the energy of this MO, while the electron-donating group of the C 6 H 4 R D group tends to destabilize the HOMO (anionic region).
In Figure 3 we have a drawing of the HOMO and LUMO of a representative molecule (MIC-1). We can clearly see that these orbitals are asymmetrically localized in the molecule. The most important electronic excitation in mesoionic compounds is a charge transfer transition from the HOMO to the LUMO involving a large dipole moment change. 3 Both the decrease of the excitation energy and the increase of the magnitude of dipole moment change upon excitation determine the magnitude of b(0), which in turn determines the nonlinear optical properties of the compound.
In Table 1 we also have some experimental values for the nonlinear absorption cross-sections s 2 of some of the molecules, measured using nanosecond laser pulses with a wavelength of 570 nm. 5 We can see that, as the calculated values of b(0) increase, the experimentally observed values of s 2 also increase and that the best s 2 value (345×10 -45 cm 4 s per photon) was produced for the 2- Compounds MIC-14 and MIC-16 are air stable solids, which had their molecular formulae established by elemental microanalysis and confirmed by mass spectrometry. Other spectroscopic data ( 1 H, 13 C NMR and infra red) are in complete agreement with the proposed structures. All these details are in the Experimental section.
Studies of 1 H NMR of mesoionic compounds are not very informative when there are not any hydrogen in the heterocyclic ring, however are important in the detection of hydrogens in the substituent groups. In contrast, the 13 C NMR spectroscopy is an important tool to characterize the structure of mesoionic compounds due to the large difference in electronic densities between the two regions of the betainic ring (HOMO and LUMO). This difference in electronic density manifests itself in shielding or deshielding effects of the carbons of the heterocyclic ring and of the carbons of aromatic or aliphatic groups linked to the mesoionic ring. The three peaks at ca 160, 150, and 140 ppm are attributed to C5, C2, and C4 respectively (see Figures 5a and 5b) . The reason that C4 is at high field compared with C5; although both are in the negative region of the mesoionic ring can be related to the significant partial double bond character of the carbon-thiolate bond (C5-S5). The methylic carbon linked to N3 is characterized by a peak at 40 ppm and the methylic protons have chemical shifts around the 3.60 ppm, there is a down-field shift as a result of the positive charge on N3. The carbon atoms with chemical shift at low field, 148 and 160.4 ppm, are affected by deshielding effects caused, respectively, by the existence of the nitro and methoxy groups. The 1 H NMR (200 MHz, DMSO-d6) spectrum of MIC-14 shows six hydrogen signals. Of these, two intense singlets were observed in the aliphatic region with an integral of 6H for the hydrogens H10 and H15 of the methyl groups, respectively in 3.64 and 2.38 ppm. There was also a signal between 8.27 and 7.23 assigned to the eight aromatic hydrogens.
For compound MIC-16 we observed a similar chemical behavior. Of these, two intense singlets were observed in the aliphatic region with an integral of six hydrogens, three hydrogens were assigned to the N-methyl group of the heterocyclic ring in 3.69 ppm and three were assigned to the methoxy group in 3.90 ppm. In the region between 8.34 and 7.07 ppm we observed corresponding signals the eight aromatic hydrogens.
The results above are in agreement with the results observed by Athayde-Filho et al. 14 
Conclusions
In this short report we performed theoretical calculations of the static first hyperpolarizability of sixteen mesoionic compounds of the 1,3-thiazolium-5-thiolate system. Based on our calculations, we synthesized and characterized two novel mesoionic compounds that showed large values for this property. Our next step will be the experimental measurement of the nonlinear optical properties of the two synthesized compounds in order to test our theoretical predictions.
Experimental
All reagents and solvents were obtained from commercial sources and used as supplied. Mass spectra were obtained on a Finnigan GCQ Mat type quadrupole-ion trap spectrometer. IR spectra (KBr) were obtained on a Bruker IFS66 spectrometer.
1 H and 13 C NMR spectra (DMSO-d 6 with internal TMS) were recorded on a Varian Unity Plus 300 MHz spectrometer. Elemental Analysis was carried out on a Perkin Elmer Elemental Microanalyser. Melting points were determined on a Kofler hot-plate apparatus combined with a Carl-Zeiss microscope and are uncorrected.
Preparation of N-methyl-C-arylglycines -general procedure
KCN (12.50 g, 250 mmol) and methylammonium chloride were dissolved in distilled H 2 O (100 mL). An equimolar amount of the aromatic aldehyde dissolved in MeOH (100 mL) was added, in portions, with vigorous stirring. The mixture was kept under stirring for 2 h. H 2 O (250 mL) was added, followed by addition of toluene (250 mL). The toluene phase was separated and extracted with HCl (aq) 6 mol L -1 (3 × 100 mL). The combined acid extract was refluxed for 8 h giving the products as white crystals formed on cooling. These were filtered off, washed with CHCl 3 and dried under the air.
N-Methyl-C-(4-methylphenyl)-glycine (1 14 )
28.30 g (0.16 mol), IR (KBr) ν max /cm 
Preparation of N-amidoacids -general procedure
N-Methyl-C-arylglycines (1 14,16 ) (0.30 mol) were dissolved in the minimum amount of NaOH (aq) (10%) with continuous stirring kept for 2 h. Equimolar amounts of 4-nitro-benzoyl chloride were added dropwise and the reaction stirred for 2 h. During this time, the crude product precipitated. The mixture was neutralized with HCl (aq) (10%). The white crystalline products were filtered, washed with H 2 O, air-dried, and used without further purification: 
Preparation of mesoionics compounds -general procedure
The N-aroyl-N-methyl-C-arylglycine (2 14 or 2 16 ) (1.4 mmol) was dissolved in Ac 2 O (20 mL) and heated, with stirring, at 55 °C for 15 min. After cooling to ambient temperature, CS 2 (20 mL) was added and the reaction mixture allowed to stand for 48 h. MeOH/H 2 O (1:1) was then added until the mixture became cloudy. After standing for 24 h, the desired products precipitated as orange-red crystals, which were recrystallized from MeOH.
2-(4-Nitrophenyl)-3-methyl-4-(4-methyphenyl)-1,3-thiazolium-5-thiolate, (MIC-14)
0 
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